Aims To investigate concordance with medication, as assessed at baseline and at 1-and 2-year follow-up, and to examine factors associated with non-concordance in a UK-resident South-Asian population.
Introduction
Type 2 diabetes is a major public health concern in the UK, particularly in the South-Asian population [1] [2] [3] . Poorer self-reported health in this minority ethnic group has been shown to be strongly linked to the use of health services and also to mortality [4] . Specific diabetes management problems for minority ethnic populations include cultural and communication difficulties which make appropriate support of self-care for diabetes (including medication taking) more difficult [5] [6] [7] [8] [9] [10] [11] . These issues were highlighted in a prospective study in South-Asian people with Type 2 diabetes which showed that, despite attempts to improve diabetes knowledge and engagement with healthcare services, more work needed to be done to discover why self-management remains poor [12] .
A recent report on prescribing for diabetes in England (2011) found that there had been a marked increase in the proportion of all prescriptions written for diabetes and that 'drugs for diabetes' were associated with the greatest increase in cost in primary care in England in 2010/2011, now amounting to 8.4% of total cost of prescribing [13] . This is, for the most part, a response to the target-driven management of diabetes with the continuing 'payment-for-performance' initiative [14] .
Diabetes is a complex chronic condition and people with Type 2 diabetes are usually prescribed multiple medicines to improve glycaemic, blood pressure and cholesterol control.
The effectiveness of this approach has been shown clearly in a number of studies, including the UK Prospective Diabetes Study [12] ; however polypharmacy is not without its problems, and there have been several studies which have shown poor concordance with medication where regimens are complex or where multiple medications are involved [15] [16] [17] [18] . Other factors associated with non-concordance include the type of medication prescribed [16] , poor understanding of the benefits of medication, side effects and poor mental health, particularly where patients report symptoms of depression [19, 20] .
To date, there has been little non-concordance research in minority ethnic groups. Limited evidence suggests that concordance with medications may be even more problematic because of poor diabetes knowledge and communication difficulties [16] . Social support has also been recognized as an important influence on medication-taking [21] as well as the relationship between doctor and patient; these may be particularly compromised in people from South-Asian backgrounds living in the UK.
In the UK Asian Diabetes Study (UKADS), a large 2-year cluster randomized multiple cardiovascular intervention trial in the community, there was an improvement in blood pressure over time, but no differences in cholesterol or glycaemic control were found [12] . Furthermore, despite enhanced nurse care, link worker assistance and specialist nurse input in the intervention arm of the study, the benefits were limited to small improvements in blood pressure. Possible reasons for this included the potential impact of non-concordance with medications. The aims of the present study were to investigate levels of concordance with medications and to examine the factors that might be associated with non-concordance in the UKADS population.
Methods
The present study aimed to collate and examine the available data on medication, taking into account data on attendance rates and psychological well-being, which had been previously collected on the participants in the UKADS. Full details of the UKADS have been published elsewhere [12] . Briefly, the UKADS comprised a cluster randomized controlled trial conducted in Coventry and Birmingham, UK, during the period March 2004 to April 2007. The UKADS was designed to examine the clinical and cost-effectiveness of a structured, culturally sensitive, enhanced care package for people with Type 2 diabetes from South-Asian backgrounds for the improvement of cardiovascular risk factors and subsequent cardiovascular outcomes [22] . Participants in the intervention arm of the study were seen approximately every 2 months and met with a practice nurse, supported by an Asian link worker and a diabetes specialist nurse. Participants in the control group attended routine 3-6-monthly diabetes clinics led by a practice nurse. At each UKADS visit participants were asked to bring all their medicines with them (in their original containers) as well as any repeat prescription scripts they had. The nurse researcher recorded which medications the participants reported taking, how often they took them and at what level (i.e. number of tablets taken each time). This information was immediately checked with their computerized medical records to ascertain whether the participant's report of the medications they were taking corresponded with the information recorded in their notes or on the medication containers. Any discrepancies were noted on their medical records and were discussed with the participant, with recommendations made if any change in medication-taking was required. Any decisions made were informed by the most recent blood test results and, where required, the participant was asked to make an appointment with their general practitioner.
For the purposes of the present study, concordance with medications was strictly defined as follows: Concordance = where the patient reported taking all their medication at the level they had been prescribed (as recorded in their medical records).
Non-concordance = where the patient reported not taking one or more medications at the level they had been prescribed (i.e. any deviation from prescribed regimen).
A random sample of participating general practices from both the intervention and control arms of the UKADS was identified and the study case notes for each participant in those practices were examined for each year of the study. The data collected included type of general practice (single vs group), number of follow-up visits attended/not attended per year of the study, and the number of medications taken for diabetes, blood pressure, high cholesterol and for other conditions. In the UKADS, urinary albumin:creatinine ratio
What's new?
• This study is one of very few to examine the factors associated with non-concordance with medications in people with Type 2 diabetes from minority ethnic backgrounds.
• Our research, in South-Asian people with diabetes, shows the importance of understanding the range of factors that might influence concordance with medications .
• Intensification of treatment may be ineffective where there is already poor concordance with prescribed medications, and alternative strategies for improving self-management need to be identified.
• Given the huge economic cost of polypharmacy, this issue has important implications for both public health and clinical practice.
was estimated. Overt proteinuria was defined as a urinary albumin:creatinine ratio ≥30.0 mg/mmol for both men and women and microalbuminuria was defined a a urinary albumin:creatinine ratio 2.5 to <30.0 mg/mmol for men and 3.5 to <30.0 mg/mmol for women, with values below these thresholds indicating normal albuminuria [22] . Information on history of previous cardiovascular disease, including coronary heart disease, stroke, peripheral vascular disease and angina was extracted [23] . Participants completed the EuroQol quality-of life questionnaire, known as the EQ-5D, as well as the EQ-5D Visual Analogue Scale (http://www.euroqol.org) at three time points in the study: at baseline and at 1-and 2-year follow-up. The five items of the EQ-5D are designed to measure level of perceived health problems and include mobility, self-care (washing and dressing), usual activities (work, study, housework, family or leisure activities), pain or discomfort and anxiety or depression. Each item is rated separately on a three-point scale: 1, no problems; 2, moderate/some problems; and 3, extreme problems. Higher mean EQ-5D index values and EQ-5D Visual Analogue Scale scores indicate poorer perceived health status. Use of antidepressant medications was recorded, along with information on diagnosis or treatment for psychiatric problems. Country of birth and family history of diabetes were also recorded. To adjust estimates for deprivation, we used the Index of Multiple Deprivation 2007 [23] , extracting an individual score using the standard postcode (postal delivery address), which is a good indicator of individual socio-economic status [24] . The Index of Multiple Deprivation is based on seven domains and is available at small area level (Index of Multiple Deprivation 2007 lower super output level score, obtained using National Statistics Postcode Directory, via GeoConvert: http://geoconvert1.ds.man.ac.uk/application/ step1metadata_display.cfm).
Statistical analyses were conducted using SAS. To examine the association between outcomes (non-concordance) at follow-up years 1 and 2 and each of the explanatory variables (measured at baseline or at year 1), frequencies, proportions and comparisons of mean, chi-squared tests, Students t-tests and Wilcoxon non-parametric tests were performed as appropriate.
Stepwise selection logistic regression modelling was conducted to identify statistically significant predictors of concordance at year 1, using baseline measures, and at year 2, using year 1 measurements. Models were also evaluated for patients in intervention and control practices separately. To analyse and evaluate combined variables measured at baseline and year 1 on final year 2 concordance status, logistic models were fit using baseline variables and concordance, then changes between baseline and year 1 were added. Hierarchical logistic regression models using SAS PROC GLIM-MIX software were also fit. In modelling, to avoid collinearity, individual components of the EQ-5D score were used, but overall score and Visual Analogue Scale score were excluded.
Modelling was repeated for the intervention and control arms separately and for total number of medications prescribed vs numbers of medications prescribed for individual conditions.
In the final models (presented), gender, duration of diabetes, HbA 1c and family history of diabetes, none of which were included in the automatic selection models processes, were included as potentially confounding variables, irrespective of statistical significance. Linear regression models were used to assess and address issues of collinearity and the final logistic models selected balanced collinearity with highest maximum adjusted R 2 statistic.
Results
The case notes of 403 participants in the UKADS were analysed. At baseline assessment, 84% of study participants were coded as concordant. This proportion fell at each of the following year time points, but with some crossover from non-concordant to concordant status ( Table 1 , Fig. 1 ).
Study participants comprised 214 women and 189 men, with a mean age of 55 years and 8 years duration of diabetes. Significant differences between concordant and non-concordant groups at baseline were observed for age, duration of diabetes, total cholesterol and numbers of medications, plus cardiovascular disease history, albuminuria status and missing follow-up appointments. Significant associations were observed between baseline measures and year 1 outcome (concordance status) and between year 1 and year 2 outcomes for a number of other factors, including total EQ-5D scores and the single-item EQ-5D depression/anxiety score, activity score, self-care and mobility scores. Taking a higher number of blood pressure, cholesterol and other medications were all significantly associated with nonconcordance ( Table 2 , Table S1 ).
Results of multiple logistic regression modelling:
Year 1 non-concordance
In forward selection multiple logistic regression modelling to evaluate baseline predictors of year 1 non-concordance, five variables were identified: number of blood pressure medications; number of 'other' medications; EQ-5D depression and anxiety score; attained age; and intervention vs control status. The addition of concordance status at baseline into the model identified this as a further factor, with no previously identified factors removed (Table 3) . Repeating this analysis, with total number of medications replacing the individual numbers of medications, identified the equivalent set of predictors: baseline concordance status; total number of medications prescribed; EQ-5D depression and anxiety score; intervention vs control status; and age. Running the same logistic regression in a forward selection procedure for the patients in the intervention and control arms separately identified three significant predictor variables for patients in the intervention arm: baseline concordance; number of blood pressure medications; plus number of 'other' medications, compared with four significant predictors for patients in the control arm: concordance at baseline; number of blood pressure medications; age; and EQ-5D score. Potentially confounding baseline factors (duration of diabetes, family history of diabetes, HbA 1c and gender) were added to produce a final predictive model (Table 3) .
Non-concordance at baseline, intervention vs control practice status, increasing age, severe EQ-5D depression and anxiety score and higher numbers of medications prescribed to control blood pressure or for 'other' reasons all increased significantly the odds of non-concordance at year 1 follow-up (Table 3 ). Repeating these analyses using total medications prescribed had no effect on the significance of predictors in the model; odds ratios for all variables increased, except for EQ-5D depression and anxiety score, which decreased.
Year 2 non-concordance
In forward selection multiple logistic regression, using variables measured at year 1 in a predictive model for year 2 non-concordance, only number of blood pressure control medications and EQ-5D depression and anxiety score at year 1 were statistically significant ( Table 4) . Adding year 1 concordance status and re-running the selection process identified year 1 non-concordance and history of cardiovascular disease only; neither number of blood pressure control medications nor EQ-5D depression and anxiety score remained significant (Table 4 ). Re-running the selection process for the patients in the intervention and control arms separately identified non-concordance at year 1 for both arms, plus age for the patients in the intervention arm and history of cardiovascular disease for the patients in the control arm.
In the final model, including all variables identified in selection processes plus potentially confounding variables, Table 4 ). Substituting total number of medications prescribed rather than numbers prescribed for blood pressure control increased the estimate and odds ratio for year 1 non-concordance as predictor of year 2 non-concordance which remained significant: odds ratio 27.7 (95% confidence limits 11.2, 68.5), P<0.0001. No other variables were statistically significant. Using forward selection multiple logistic regression with baseline-measured variables, non-concordance, EQ-5D selfcare score and number of blood pressure control medications were all significant predictors for year 2 non-concordance (Table 5 ). Repeating this analysis with changes to concordance status at year 1 from baseline and with changes to numbers of medications prescribed identified the same predictors, plus change in non-concordance status ( Table 5 ). Using a mixed-effects hierarchical model, with fixed effect for baseline concordance and random effect for year 1, baseline non-concordance, number of baseline blood pressure medications and EQ-5D self-care score remained statistically significant: odds ratio for baseline non-concordance 7.1 (95% confidence limits 2.8, 18.5).
Discussion
Rates of prescribing for diabetes are at an all-time high, but it is clear from the present research and that of others that medications are not always taken as recommended [15] [16] [17] [18] . Our research shows that, whilst only a small proportion of patients may be continuously non-concordant, individual concordance status may change over time, and this has important implications for practice; for example, in terms of frequency of follow-up appointments to support appropriate medication-taking. An awareness of the impact of taking multiple medications on a daily basis is vital, as is engaging with patients in an open discussion on the importance of self-medicating behaviour and supporting individuals to maximize this aspect of diabetes self-care.
To date, research in South-Asian populations has focused on perceptions of insulin treatment and has shown that there may be a reluctance to move from oral anti-diabetic drugs to insulin therapy [25] . Research in the wider diabetes population has mainly considered how particular aspects of self-management such as diet, physical activity and self-monitoring of blood glucose influence blood glucose control, with less research on the impact of appropriate medication-taking and, specifically, the use of oral anti-diabetic drugs. Those studies that do exist have reported that non-concordance with oral anti-diabetic drugs leads to more hospitalizations and higher mortality rates [26] . The present study showed that, over time, whilst there was some movement from non-concordant to concordant, the overall trend was towards more non-concordance. Whether there are specific benefits for those who are concordant that outweigh any detriment for those who are not concordant remains unknown and requires more in-depth investigation. Furthermore, whether or not those who are non-concordant with their polypharmacy have better or worse outcomes compared with those who are concordant with a regimen consisting of fewer drugs remains unknown.
In the present study, there was no difference between concordant and non-concordant patients at any of the three time points with respect to Index of Multiple Deprivation 2007 score, which was perhaps unexpected; however, it is important to note that average Index of Multiple Deprivation 2007 scores for the patients in the present study were considerably higher than for those in either the Coventry or Birmingham study groups, suggesting that the patients in the present study were more deprived overall. There was no Missing values: albuminuria, n =11; EQ-5D anxiety, n =35; EQ-5D pain, n =35; EQ-5D activity, n =37; EQ-5D self-care, n =35; EQ-5D mobility, n =35; cardiovascular disease history, n = 2, missed follow-up appointments, n =2. significant difference in deprivation score comparing the included general practices, suggesting there was insufficient variation in deprivation in our sample to detect concor-dance-related differences. Investigation of the relationship between deprivation scores and concordance levels may be a useful avenue for future enquiry. In the present study, non-concordance was associated with taking a greater number of medications (particularly blood pressure medications), which supports previous research [18, 27] and has important implications for clinical practice. Previous studies have reported that the polypharmacy required to achieve good glycaemic control is a significant barrier to concordance [27] .
Knowledge and understanding of medications may be an important factor influencing concordance [8] . In their study in individuals with Type 2 diabetes, Dunning et al. [28] showed that knowledge of medications was poor and 20% of patients regularly forgot to take the medications, with the increasing cost of prescribed medications cited as a reason for deliberately not taking or reducing the dose of medication taken. Surprisingly, the present study did not find a statistically significant association between socio-economic status (potentially related to concerns with the financial cost) and concordance, something that we are not able to explain. Other studies have shown the importance of beliefs about medications with regard to medication-taking [7, 10, 29] . Future research needs to examine these issues in other minority groups [30] .
Patients may take their medications initially, but if the importance of continuing this behaviour is not conveyed during clinical encounters, or if the patient is feeling unwell, he/she may stop taking them. The greater propensity to experience side effects where a high number of medications are taken is not always reported [18] and future studies should include the consideration of side effects in polypharmacy, as this may help explain our findings. This may only be one explanation, albeit an important one. Non-concordance may also be related to the perceived burden of diabetes as well as the number of medications and complexity of the regimen [15, 17] .
Taking a higher number of cholesterol or diabetes medications was also significantly associated with non-concordance at the univariate level but not in the multivariable analyses. There is some research suggesting that non-concordance with statins increases when overall number of medications is increased, which again suggests that complexity of medication regimen is important [17] . Stack et al. [17] suggest that individuals may value the importance of medications differently, prioritising diabetes medications over cholesterol-lowering ones. By contrast, an earlier study reported no consistent difference in concordance with medications based on the type of drugs (diabetes, cholesterol or blood pressure) being taken [18] .
Poorer clinic attendance as measured by failure to attend appointments, a further indicator of poor self-care, was also significantly associated with non-concordance, but this effect did not persist in multivariable models. It is of concern that patients appeared to remain disengaged with their healthcare providers as evidenced by poor clinic attendance and what seems to be an unwillingness to take their medications. This may, in part, be related to communication difficulties and poor knowledge of the importance of appropriate medication-taking, both of which can be addressed in terms of clinical practice. The most important predictor of non-concordance at both year 1 and 2 year follow-ups was prior concordance status, with a role for number of blood pressure control medications. Furthermore, at year 2, change in concordance status was a highly significant factor, further underlining the importance of continued clinical care and encouraging attendance at clinic appointments. Non-concordance with medication-taking was also significantly associated with poorer perceived health status, as measured by both EQ-5D questionnaire and Visual Analogue Scale. This latter scale is a useful one, especially in populations where there are high levels of illiteracy, such as in the present study population. In particular, those who reported severe anxiety or depression on the EQ-5D also reported poorer concordance with their medications, supporting previous studies [19] . Poor mental health, and especially depression, has been found to be much more common in people with diabetes [31] and has been linked to poor health behaviours, including all aspects of diabetes self-care (blood glucose monitoring, medication taking, etc.) as well as poor attendance at medical appointments [25] . Monitoring psychological well-being is therefore of paramount importance, if positive outcomes in terms of diabetes are to be achieved.
There are limitations to the present study. Our data on prescribed medications relied on the transfer of information from general practitioner medical records to UKADS case notes and the medication list may not be exhaustive. Self-reported concordance/non-concordance may be difficult to measure accurately and it is possible that we may have under-or overestimated non-concordance levels. Indeed, the possibility of participants giving socially acceptable answers regarding their medication-taking may have led to an underestimation of the problem. Other studies have investigated the take up of prescriptions through an analysis of pharmacy claims [15] , but this is also problematic, as the filling of a prescription does not guarantee that the medication will be taken. It was possible to check study participants' reports of their prescribed medications using the computerized medical records held for each patient, but we have had to rely on self-report (and on participants bringing their medications and repeat scripts to the consultation) for actual level of medication-taking. We feel that using Asian link workers to collect this information may have assisted this process, however, as these workers were able to develop a rapport with patients that was conducive to an open and engaging consultation between the two parties [32] .
The present study, one of the first conducted in one particular group of South-Asian patients, has highlighted the need to address non-concordance with medications, a phenomenon which we have found to be common in this population with diabetes, and which persists over time. Intensification of treatment is ineffective where there is already poor concordance with prescribed medications and alternative strategies for improving concordance with treatment regimen need to be identified. Given the huge economic cost of polypharmacy, alongside its importance in delaying or preventing the development of diabetes complications, this has important implications for both public health and clinical practice. Alternative strategies for increasing/improving diabetes self-management need to be identified.
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